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Results of star tracker constraint violation analyses performed with 
the digital computer program Shuttle Attitude and Pointing Time Line 
Processor (SAPT) are presented in this note. These analysis results 
are typical of those utilized to provide the information required 
to update Baseline Reference Mission Attitude and Pointing Time Lines. 
Descriptions of SAPT modifications implemented to perform these anal- 
yses are also presented. 

2.0 INTRODUCTION 

The purpose of this note is to present results of star tracker con- 
straint violation analyses and to document and discuss the associated 
modifications to Program SAPT designed to detect star tracker con- 
straint violations. This note, therefore, describes and documents 
a tool v?hich may be utilized to analyze attitude and pointing time 
lines .5 now and in the future, for possible star tracker constraint 
violations. This capability has been' utilized to perform initial 
analyses which are reflected in the time lines presented in Refer- 
ences (1) and (2). This capability and other simulation requirements 
designed to support attitude profile analyses are discussed briefly 
in Reference (3). 

3.0 DISCUSSION 

The orbiter vehicle has three star trackers. Each is sensitive to 
bright light and cannot be operated within certain regions of the 
'sun or sunlit earth. Attempting to operate any one of the star 
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trackers with its centerline Field of View (FOV) within 30 degrees 
of the sun or within 20 degrees of the sunlit earth horizon would 
violate operational constraints imposed on this instrument. Vio- 
lations may occur while performing Inertial Measurement Unit (IMU) 
platform alinements or while tracking targets during normal Shuttle 
activities. This condition in certain cases can be avoided by se- 
lecting alternate orbiter attitudes, and a method to detect these 
violations can be useful in establishing a pre-mission attitude and 
pointing profile. 

Consideration was given to developing a separate program to deter- 
mine the constraint violations, but it v/as determined that Program 
SAPT would be the most convenient tool v/ith which to perform the 
violation analyses. There are three main reasons v/hy this is the 
case. First, Program SAPT generates the attitude and pointing time 
line profiles and contains all of the attitude related information 
required to establish the necessary attitude transformation rela- 
tionships. Second, the program can be easily modified, and third, 
the program employs routines required for certain computations as- 
sociated with the star tracker constraint violation model. 

4.0 RESULTS 

Figure 1 depicts the earth pointing constraint detection model im- 
plemented in Program SAPT. It assumes the earth is a sphere. Since 
the earth is assumed to be spherical, the angle, a, between the vehicle 
to earth-tangent line and vehicle to earth-center line will be constant if 

ORIGINiU/ PAGE IS 
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the vehicle's altitude »"eniains constant, i.e,, if the vehicle's or- 
bit is circular. The earth pointing constraint is violated when 
the angle betvfeen the star tracker FOV centerline and the vehicle to 
earth centerline, 0, decreases below the value of a.+ 20" . This 
is equivalent to the star tracker centerline FOV entering the earth 
pointing constraint region and, therefore, violating the earth 
pointing constraint. The sun constraint detection model is imple- 
mented in a similar manner. The sun is regarded as a point source, 
and sun pointing constraints are violated when the star tracker 
centerline FOV enters within 30 degrees of the sun to vehicle line. 

Program SAPT was modified to incorporate this model. 



FIGURE 1: MODEL USED IM DETERMINING STAR TRACKER 
CONSTRAINT VIOLATIOfl ANALYSIS LOGIC * 

All symbols used in model are defined in Appendix A. 
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The angle between the earth pointing vector in the body coordinate 
systein (as defined in Reference (4)) and the line of sight to the 
horizon of the earth is computed using equation (T), where ERNM and 
SIDl are defined in Appendix A. • 

FRMM 

a = arctan (1) 


For purposes of testing earth pointing constraint violations, a is 
computed irrespective of lighting conditions of the earth, a consid- 
eration that v/iTl be given to a later, more sophisticated model. 

The angle for the testing of sun pointing constraint violations was 
set to a constant 30®, hence no a computations are required. Ex- 
pressions to compute theta (e), the angle between the earth pointing 
or sun pointing vectors in the body coordinates, are given by equa- 
tion (2) for earth pointing and equation (3) for sun pointing. 


0 = a rc cos 


0 - arccos 


ST' ’ 

EP 

|sf| 

lEPl 

sf • 

S? 

|sf| 

SP 


( 2 ) 

(3) 


All symbols used in computing 0 and a, including ST, EP and SP, are 
defined in Appendix A, and the basic figure for determining the math 
model used in program modifications is illustrated in Figure (1). 


The star tracker pointing vector, ST, for star trackers 1, 2, and 
3 are computed by taking the transpose of the Body to Star Tracker 
coordinate transformation matrices obtained from Reference (5) for 
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each Star Tracker, and post multiplying each *by the unit vector 


along the 2 coordinate axis 


0 
0 

^l-i 


The earth pointing and sun 


pointing vectors used, in equations(2) and (3) are computed by SAPT 
subroutine TARVEC in the earth centered, Aries Mean of 1950, inertial 
coordinate system described in -Reference -(4) . ■*The vectors are then 
transformed into the body coordinate system by a call from SAPT to 
subrouttne BPCR (Body Pointing Conversion Routine). Once computed, 
the dot products of the star tracker pointing vectors and Earth or 
Sun pointing unit vectors for all pertinent pointing vectors are 
computed by subroutine UHVEC. Completing all preliminary computations 
equations (2) and (3) are employed to compute G for each star tracker. 
Coding of Program SAPT is presented in Appendix B with all modi fi-.- 
cations indicated by the word "HEVJ" on the right hand side of the 
page. 



The operation of this logic vnll be briefly described. A value of 
20 degrees Is added to the computed a for earth pointing in accordance 
with the constraints specified in Reference (5). Every G corres- 

i . 

ponding to the combinations of star trackers and earth and sun point- 
ing vectors is then computed. Each Q is compared against a {+ 20 
degrees) for the earth and a (=30 degrees) for the sun, testing 
for G < a (a + 20° for the earth). If such tests are successful , 
i.e. G < a, a special code as defined in Reference (6) is output 
through modifications to SAPT output logic, indicating which con- 
straint had been violated Earth Pointing or Sun Pointing Con- 
straints — and which Star Trackers are in violation of that 
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particular constraint. If the event being processed is not a plat- 
form alinenient, ccnputations and tests are not considered, and most 
ccmputation logic is skipped. 

Modifications for star tracker constraint violations analysis v/ere 
used in the checkout of platform alinements being considered for 
certain inertial hold attitudes defined in the Preliminary Baseline 
Reference Mission (DRil) 2, Sortie Option 1 Attitude and Pointing 
Time Lines. Results indicated that nearly 90^ of the alinements 
mre performed v/ith constraint violations, as illustrated in Ref- 
erence (6). Sortie Options 2 and 3 of BRM 2 as V'/el1 as BRM 1 showed 
similar results. Sortie Option 2 of BRH 2 is illustrated in Appen- 
dix C v/hich shows that 8 out of 9 platfom alinements violate star 
tracker pointing constraints when holding the prior inertial attitude. 

Since extensive violations occurred in the inertial attitude just 
prior to a platform alinement, a maneuver to the LVLH attitude at 
0,0,0 was then assumed, just prior to each Platform Alinement, and 
checkout attitude and pointing time Tines were generated. Results 
shov;ed no violations occurring for any Sortie Option of Mission 2, 
but due to the relatively lov/ altitude for Mission 1, platform aline- 
ments performed in the inertial hold mode at an initial LVLH atti- 
tude of 0,0,0 always violated the earth pointing constraint for star 
tracker 3* {Appendix (D)) 

In updating BRM 1 and 2 time lines, the same violations v/ere assumed 
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to hold since new trajectories indicated no change in altitude. 
Checkout results indicated this to be the case. For updates to 
BRM 1, therefore, a slight Roll of +5° was employed to assume an 
LVLH attitude at 0,0,5, with checkout results indicating that the 
selected attitude was sufficient to prevent further violation of 
constraints. A study of results using Star Tracker constraint vio- 
Tation- detection logic revealed that updated Preliminary BRfi 1 and 
2 could be generated vnth platform alinements in LVLH attitudes 
at 0,0,5 and 0,0,0 respectively without violating any Star Tracker 
constraints. Results of updated time line generation for BR]-1 1 and 2 
are illustrated in References (1) and (2). 

5.0 CONCLUSION 

The analysis results presented in Appendices C and D of this note 
are typical of those performed on preliminary Baseline Reference 
Mission Attitude and Pointing Time Lines to insure that no star 
tracker near earth or near sun pointing constraints were violated 
during IMU platform alinements. 

The documented description of Star Tracker constraint violation mod- 
ifications to program SAPT and descriptions of results using these 
modifications, as presented in this note, initially provides an ade- 
quate source of information. Program SAPT can be used to efficiently 
detect Star Tracker constraint violations and employ possible methods 
to insure avoidance of these violations. It is planned to upgrade 
the model used to detect star tracker constraint violations to 
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Include an ellipsoidal earth moTel , earth occultation, earth light- 
ing, and vehicle attitude dispersions. Capabilities such as these, 
to analyse attitude profiles, v/ill continue to be developed, and 
analyses utilizing these capabilities will be perfonned to refine 
attitude and pointing profiles based on knov/n attitude and point- 
ing related constraints. 
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APPEiMDIX A; LIST OF SYMBOLS USED IH STAR TRACKER 
COMSTRAIfiT VIOLATION LOGIC 


(1) V - Reference Vehicle 

(2) ALT - Vehicle Altitude in Nautical Miles Referenced from Surface 

of the Earth - Computed in Subroutine NADIR and Returned 
to Program SAPT 


(3) ERNfl - Earth Radius Expresed in Nautical Miles - Placed into SAPT 

by use of the DATA Statement 

(4) AALT - Total Distance from the Center to the Earth to the Reference 

Vehicle in fiautical Miles - 
AALT = ALT + ERNM 

(5) SIDl - Distance from Reference Vehicle to Tangent of Line of Sight 

to Horizon and the Earth in Nautical Miles - 

SIDl = /(AALT)^ - (ERNM)^' 

(6) EP - Earth Pointing Vector Expressed in Body Coordinates 

(7) SP - Sun Pointing Vector Expressed in Body Coordinates 

(8) ST - Star Tracker Pointing Vectors for Star Trackers 1, 2, and 3, 

Expressed in Body Coordinates 

(9) a - Angle Betviecn Earth Pointing Vector and Line of Sight to the 

Horizon of the Earth Expressed- in Dearees - 
a = [ARC TAN (ERNM/SIDl)] X 57.29577951 


(10) G 


- Angle Between Earth Pointing Vector or Sun Pointing Vector 
and Star Tracker Pointing Vectors for each Star Tracker, 
Expressed in Body Coordinates 



ARCCOS 


ST . EP 



X 


57.29577951 



ARCCOS/ ST • SP 
iSTj [SP 


X 57.29577951 
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CODING OF PROGRAM SAPT WITHOUT SUBROUTINES 


00100 I* COI •••• program sapt 

OOlOO 2* CDl the SHUTTUE attitude and pointing TlhEUINE PROCESSOR ISaPT) IS THt 

ooioo 3 « COI Basic attitude and pointing timeline generation program for 

OO'lOO H* COI shuttle. SAPT CAN GENERATE ATTITUDE AND POINTING TIMELINE TABLES 

OOiTOO 5* CDl FOR OOCUMLHTATION ANO AT THE SAME TJME ALSO GENERATE ATTITUDE 

OOIOO G* CDl Tapes for subsystem evaluations, the basic input is in the form 

ooioo 7* col OF attitude AND POINTING DESCRIPTOR C A RD 5 OEF In I N G THE NAME OF 

ODioo 0» CDl The event, the event time, and descriptors defining the attitude 

OOIOO 9* CUI and pointing reuuirements For the event, the program reduires 

poloo iO» CDl A trajectory TaPE MOUNTED On UNIT f, AN EPHEMERIS TAPE MOUNTED ON 

OOIOO ll* COI UNIT K, AND A PCF TAPE INCLUDING SAPT. IF AN ATTITUDE TAPE IS ALSO 

OOIOO 12» COI -To BE generated. A SAVE TaPE MUST BE MOUNTED ON THE TAPE UnIT 

OOIOO 13» CDl defined BT ITAPE. THE FIRST INPUT CaRD AFTER THE XQT CaRD MUST BE 

ODIOO IR* COl A Base card giving the base date to measure g.e.t. from and the 

OOIOO 15» CDl Tape unit and print interval if a attitude TAPE IS to be generated 

ODioo u* COI There is also an input flag which defines a tape unit to ahite a 

Doico l 7 * CDl Descriptor timeline, after the base card, the attitude and point* 

DOlOO IB» CDl ING DESCRIPTOR CARDS FOLLOW. THERE HAY BE UP TO *♦ CAROS HEOUlHED 

ODIOO 19» COI TO define EACH EVEnT. THE FIRST CARO IN EACH EvENT SET IS THE 

DOlOO 20* CDl event NAME CARD. Up TO H LINES OF EVENT DLSCRIPTIWN CAN BE DEFINED 

OOIOO 21« CDl with IB CHARACTERS TO EACH LINE. THE NEXT CARO IS THE aTTITUOL 

ODIOO 22* CDl REGUIHEMENTS CARO GIVING THE EVENT TIME AND ATTITUDE ONLT REOUIR- 

OOIOO 2J* CDl MlNTS. it THERE ARE NO POINTING REOU I REMEN TS , THIS IS THE LAST 

OOIOO 2*»« COI Card of the set. if there are pointing REOUIREhENTS* I OR 2 more 



ootoo 

2S 

oai 00 

26 

OOIDO 

27 

00 100 

28 

00 100 

2V 

00 1 00 

30 

00 1 00 

3| 

OOlOO 

32 

Do 1 00 

33 

00100 

3m 

OOiDO 

35 

OOlOO 

3a 

00100 

37 

00 100 

3 8 

OOlOO 

39 

OOlOO 

Hq 

OOlOO 

11 

OOlOO 

12 

OOlOO 

13 

OOlOO 

18 

OOlOO 

15 

OOlOO 

16 

OOIDO 

17 

00 1 00 

18 

OOlOO 

19 

OOlOO 

So 

0010,0 

5l 

OOlOO 

52 

OOlOO 

5 3 

0010 1 

51 

col 03 

5S 

00 1 01 

5a 

00 1 o5 

57 

ODl QW 

58 

00 107 

59 

001 10 

6 0 

00 1 11 

6 1 

001 12 

62 

00113 

63 

poll 1 

61 

00 1 11 

65 

00 1 IS 

66 

DO t 1 (> 

67 

00117 

68 

00 120 

69 

00121 

70 

00122 

7 1 

00122 

72 

00 123 

73 

00121 

71 

00125 

75 

001 26 

76 

PPI 27 

77 

00 127 

78 

00Ci7 

79 

00127 

80 

00 130 

8l 

00 1 30 

82 


CPI 
CPl 
CO I 
CD! 
CD t 

cot 

CO 2 
CD2 
CO 2 
CD 2 
coa 

CO 2 
C02 
CD2 
CD2 
CD 2 
CO 2 
C02 
CD2 
C02 
CD2 
C02 
CD2 
C02 
C02 
CD2 
CD 2 
C02 
C 


Cards are 'required depending on the number or pointinu kequiRE- 

MENTS. EVENT SETS SHOUtO BE STACHEO | n' CMHONOU oO I C AL ORDER« THE 

EAST Caro or the deck is labeled *end card* starting in cc i» 

The input parameter OEFINITIONS for the base CaRO are given BELOiA, 
The input definitions for the event sets aRE civen in subroutine 

»CARD 1 n* 

base card definitions - 

NBASYR , NB aSMT iNUASdV .NBAShR .NBASMN iBASSEC 

- BASE G.M*T« that GtE.T. (S MEaSUHED FROM <N 0 M|NALLT THE 
LAUNCH G»M«T» 

ITAPE ^ unit on which the common Format attitude tape is to be 
iVRlTTEU* IF ZEROi NO TAPE IS REQUIRED, 

GmTINT - time increment between print points OESIREO For the 
COMMON format tape. (MINUTESI 

iuRead - unit on Which the input attitudl desckiptor file hill be 
mounted, if zero, All input will be manual. 
lUWRT UNIT ON WHICH THE REVISED ATTITUDE DESCRIPTOR FILE IS TO 
BE written, TF zero, NO TAPE |S TO BE WRITTEN, 

IhRST, MINST, SEC 5 T 

•, GET TO start attitude TIMELINE |F A DESCRIPTOR FILE HaS 
BEEN PROVIDED. IF NOT INPUT, THE START OF THE DESCRIPTOR 
FILE, OR THE FIRST MANUAL INPUT, WH I CHE V ER I S E A R L I L R , 
WILL BE USED. 
lHRENO,»lNENO,SeceND 

• GET TO end attitude TIMELInE IF A DESCRIPTOR FILE HAS 
BEEN PROVIDED. IF NOT INPUT, THE END OF THE OESTHIPTOR 
FILE, uR THE LAST MANUAL INPUT, WHICHEVER IS LATER, 

mile be Used. 

Integer attsys, align 

REAL IaNGI , I aNG 2 , I ANG 12 , IANG 22 

DOUBLE precision B A SE JO , B AST 1 M , T GE T , Gm T . GM TP 
Double precision gmtnxt .tsmcaL ,tnext ,timtap 

DOUBLE PRECISION X I MUDP » Y I MUOP i Z I HUOP .HKMDP I 3 I,VKM 0 P( 3 |,DVI 3 » 

double prec I s ION Get 
Double PRECISION rsundpibi 
real LIFTKG, ISPSEC 
Real kxiKv.kz.nuz.mintim 

0 I MENS lON OUNHAT 1 is I ,R I 3 I • V I 3 I »RSUN| 3 l , VSUNl 3 | , RMOONI 3 I , VMOONI 3 I 

0 I Mens ion T 4 RGET 13 | ,T 0 VEC( 3 | ,ATTLVI 3 , 3 I ,ATTI (3,31 iSUnVEcOI • 

• PB( 3 I ,COtVECI 3 | .ATTECI ( 3,31 
DIMENSION KKM ( 3 t , V KM ( 3 I , RKMU ( 3 I , R SUNU I 3 ) 

DIMENSION ATT 5 R 13 . 3 I 

Dimension spake c i *m .hsunkhi 3 ) 

dimension STI 2 I 3 I , 513(31 .SOSOUI •MOMOI 3 I 

Dimension shagi i 3 | ,smaG 2 ( 3 I ,smag 3 ( 3 | ,smagr i 3 1 

CoMmON/BASOT/ BaSEJO.BASTIM.nBASYR (NBASMT ,NBASUY»NBASHR,NBASMN, 

• BASSEC 

COMHON/ATPCOH/ GHTP, ATTP( 3 » 3 I 
COMMON/ IERRCM/ (ERR 

common / VEHLB / KX ,K V , KZ , NUZ , BET A • R ASUNjUECSUn »HAMOON tpECMON 
COMmON/SMCaLL/ T 5 MCAL,R 5 UN.VSUNiRMO 0 N,VM 0 ON 

common /CARDS/ |HR»Mn»SEC 5 ,aTTSYS, JMUnUM, 1 Vm 5 ,ANG| ,ANG 2 , ANG 3 , 

• iHOLD.XHATE.YRaTE.ZRATE, IPTFLG.ALIGN, INSTIO, UNG l , I angz, 

• ITYPEI ilOEFl iVARl ,VAR 2 ,VAR 3 , ITARGl ,VARR,!D|N 2 ,IANG| 2 ,IANG 22 , 

• 1 TYPE2 » 1 0EF2 , V AR 12 I V AR22 , V AR32 , I T ARG2 ,V ARH2 
COMHON/TVCOH/ ITAR&iAEPHAT,OETAT,v,VEC{ 3 ),ALPHAC,BETAC,AT., 

• TLON ,TLAT , I TYPE , lOEF 


• NEW 

• NEW 
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Oi! i'tlOE QUAEJTSJ 


Ob 1 3 t 

S3* 



COMmON/EVNCOHVNEVEnTUZI iNAMTAR 

00132 




COHmON / REVST 7 rev 

00132 

-- B5^ 

C 


REV REV NUMBER Of VEHICLE FROM START Of H|SS|QN 

00133 

: 66^ 



common /TrjcNV /A,EfDlNCiARGPER»ASCNOD|AM,OMEANiTROEAN|PER|OD 

00134 

87« 



data RTD/S7.29b7795/»SECPHR/3600.q7 

00137 

B8* 



Data dummat / is • OtO /.mIntim / -no / 

00 142 

89* 



OaTA ITAPE / 15 / 

00144 

Vo^ 



Data NBLANK/6H /iMAXL1n/S6/iNUmUN/56/ 

00150 

91* 



Data ncaro / 6H / 

POI 50 

92. 

c 


E&HAVC - C.RAV1TAT10NAU constant O'E THE EARTH ( KH**3 / ,.SEC.*2 | 

00 152 

93 • 



Data EGRAvc / 390.40119999 / 

00152 

94 • 

c 


OV - SENSED VELOCITT CHANGE OVER TIME INTERVAL BETWEEN PRESENT 

00152 

95« 

c 


AND PREVIOUS RECORD 

00154 

96* 



Data OV / o.odoiO.oDoiO.udo / 

00 154 

97* 



DATA spare / 14 • 0»0 / 

00140 

9 a • 



Data nuhlnt/i/ 

00160 

9‘i» 

c 



00160 

100* 

c 

» • • 

-STORE VALUES FOR STAR TRACKER POINTING VECTORS 

00160 

lOl • 

c 


In body coordinates. ANGLE AlPH.A POR sun POINTING 

00 1 frO 

lOZ* 

c 


CONSTRA 1 NTS .EARTH RADIUS IN NAUTICAL HILES. 

00 160 

1 03« 

c 


and CODES FOR VIOLATION OUTpyT------ 

00160 

1 04 • 

c 



00162 

1 05^ 



OaTa 5Tl2/0.0.0.0.-nO/.ST3/!.,25Bai904.-.96S92583.0iO/ 

00165 

106* 



Data salpha/3q,q/ 

00167 

1Q7^ 



Data ERNM/3443. 931/ 

0017 1 

1 08^ 



Data lA/lHA/ilQ/lHO/.lC/}riC/,ID/ {mO / . 1 E / IHE/.lQ/lH /-, !G/|HG/| 

00171 

109^ 



• IH/IHH/, 1HAHE/6HI'LATF07 

002Q3 

1 10^ 



PrTFLG ■ 0.0 

00204 

1 1 !• 



L|FTKG « 0.0 

00 2 05 

ri2» 



DvNpH - 0.0 

00206 

113« 



DRAGKG ■ 0.0 

00207 

114* 



WgTKG ■ 0.0 

0D21O 

IIS^ 



THRKG - 0.0 

002 1 1 

116» 



ISPSEC « 0.0 

002 1 2 

1 1 7» 



Call iNTn$Gto,b,ol 

002 1 2 

no* 

c 

base CaHO values and fORMAT eollow 

002 1 2 

U9» 

c 



002 1 3 

l 20* 



RtAD(5|910lNeASTR,N8ASHT,NOASDY,NBASHR.NBASMN,eASSEC. 

DD2 1 3 

121 • 



• I Tape .gmtint. iureao .iuwrt.ihrst.minst .secst .IhRend ,minenp,sccend 

002 13 

12Z» 



• .I AS TP 

00236 

123* 


9 1 0 

FORMAT! lx, 14.4 (IX. 121 .1 K.FS.Z, IX. 12. U.F 6. 0.21 |X. 121 , 

00236 

12 4* 



• 2! 1 X . 14 , 1 X . 1 2 . 1 X »FB«2 1 . 1 2X , 1 1 1 

00236 

1 25* 

c 



00237 

126* 



Write (6, 9001 

0 0 24 1 

127* 


900 

FORMAT! 1 HI I 

00242 

1 2ee 



Call datec 

0024 3 

129* 



GeTST • IHRST • MlNST/60.0 ♦ SECST/36Q0.0 

002 4 4 

1 30* 



GeTEND ■ IHREND ♦ MlNEND/60.0 ♦ SEC END/ 36 00 » 0 

oo2;4S 

13 1* 



IFIGETENO .LE. GETSTr GETEND ■ 20D.0 

00247 

1 3Z» 



Call inproc ( iuread .getst .gEteno .nument 1 

00250 

133* 


100 

CONTINUE 

00250 

134* 

c 

The call to oetdes obtains the eirst event set 

002 50 

135* 

c 



0025 1 

I3i» 



call GETDESI IUREAD, ISTOPI 

0025 1 

137* 

c 



00252 

I3e* 



Call CRDFiLin 

00253 

139* 



If ( ISTOP .GT. 01 GO TO 350 

00255 

140* 



I F ( I E R K . G T , 0 1 S T 0 P 


•NEW 

• NEW 
•NEW 

• NEW 
•NEW 

• NEW 

•NEW 

• NEW 
•NEW 
•NEW 

• NEW 


• new 

• •-I 
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OilifilNAL PAGE IS 
POOR QUALITY 



002i5? 

Q02 60 
0026 1 
00262 

002 63 

00264 

00265 
0026 6 
00267 
00270 
0027 \ 
00273 
00275 
P0276 
00300 
0030 t 
00303 
0030*4 

00306 

00307 
Q0310 
00 3 1 I 

003 1 2 
003 13 
pD3 J 5 
00317 
00320 
po32 I 
00323 
00326 

00331 

00332 
00335 
0033 6 

00337 
0033 7 
00337 
00337 
00337 
00337 

00337 

,003 40 
003HJ 
00342 
00 3*4 3 
003*4*4 
00345 
003H6 

00351 

00352 

00354 

00355 
00357 
□ 0360 
9036 I 

00362 

00363 
0036*4 


»4|« 


4 20 

CONTINUE 



J42» 



JpCAftO "1 • 



143* 



ToET • IHK ♦ HN/60 * SECS/3600 



1 4 ^ • 



OmT ■ TGET ♦ BASTIH 



1*4S» 


iSo 

continue 



^6* 



call TIHECICMT, 4 4JAYN, IHRN.MInN.SECNj 



1 4?* 



TjMTAP * OMT - BASTIH 



i *48« 



CALL TIMEC 4TIMTAP,10TiIHTiIHT»5T4 



1*4 9 * 



IhT • 10T*24 ♦ IHT 



1 5o® 



TtAPE » StJGL 4 T 4MTAP j 



I5l* 



IpIlHRN .GT. 21 tANOt 4I0AYN ^ IDCALL4 •E'i* 14 lOCALL • 

IOCALL 

»S2« 



IptdDAYN - 40CALL4 iGE. Q .AND. IlDAYN - IOCALL) 

.LT»2I 

GO TO 

15 3* 



IOCaLL e IDAYN , 



4 5h« 



IpilHHtJ .LT. 24 IDCALL * IDAYN * 1 



155« 

. ..'.r 


Call initau iucall,istop4 

. 


IS6» 



Ip 4 4 STOP .GT. 0 4 -STOP 



157» 


200 

C0NT4NUE 



i5a« ; 



IP 4 align ,r4E. II Go TO 220 



159« 



Call crofil42i . 



160* 



Cam. attoefight.attpj 



16 1* 



GhTP ■ GMT — 



162* 



CaLl CRDFIL4 1 4 



163« 


220 

Continue 



169» 



Ip 4ATTSYS ,E!Q. NbLANK | IBLANK • 1 



165» 



IP4ATTSYS .EO, NBLaNKI CALL CR0PILI-2T 



16 6* 



Call ATtOEF.lGHT , attec; 4 1 



1 6 7;* 



call iCRDF iLl l 1 



16 8* 



IplATtsYS ,NE. NBLA44K4 GO TO 225 



169* 



Do 223 1*4,3 



l7o» 



Do 223 J» 4 ,3 



17 !• 



AtTH 1,J) - ATTECI|I,J4 



172* 


223 

Continue 



173* 



Call EUUER4 ATTI , IVMS.ANGI ,ANG2,ANG3,ATTECII 



174» 


225 

Continue 



1 7S» 



Call NADI!inGMT,SCL0N,GDLAT.ALT4 



176» 

c 





1 7 7 • 

c* 


-compute angle ALPHAIANGLE between vehicle to COE 

vector 

AND 

1 7a« 

c 


Star tracker pointing vector) for earth pointing 

C4)N5TRA|NT5| 

179« 

c 


and add 20 DEGRLC5 TO ALPH* TO COMPUTE F|NAL; ALPHA FOR 


1 Bo* 

c 

i. 

Star tracker earTn pointing constraint violations 

checkout-*-'* 


c 





182* 



AaLT»ERNH+ALT 



|83« 



TrI A4»4 AAUT«»24-IERNM**2» 



J 99* 



SiDi*SQRT (TR4 AI 1 



IBS* 



EaLPHA«ATAN24ERNHVSU)| 4 



4 06* 



EaLPHA.EALPHA’R ID 



|07* 



EALPHA«EALPHA+20.0 



IBS* 



WH1TE 4 6, 4 37 |EALPH#( 



4 89* 

137 

FoHMAT4TX,F1Q.5I 



4 90* 



IF4IPTFLG .ECl. 0 1 GO TO 250 



4’ 4* 



Call filtvci i > 



192* 



IPlAtTSTS.EO.NBLANKI CALL CROFIL42I 



493« 



Call TAHVEC4GMT ,NEWVEL.4ARGET iTOVECl 



199* 



Call bpgr4I .atteci .target. pb) 



195* 



call YAPTCH(2,YAtVTAR,PTCTAR,PBl 



4 96* 


250 

Continue 



4 9 7* 



ittpe -I 



4 98* 



idef - B ; — 
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•NtW 

• N£t» 

• Nth 

• NEM 

• f4E* 
eNE« 

• NE« 

• NEM 
'‘NE* 

• NEIh 

• NE6 
•t4£44 
•NEI6 


00365 
P0366 
003 6 6 

00366 
00366 

0Q367 
P0 37 2 
00373 
00 3 75 
Co 37 6 
00 377 
00*400 
boHOl- 
oqhoj 

OOHOl 
OO^O 1 
0 0 ‘t 0 2 
00*405 
00*4 0 6 
00*4 10 

bo*u I 
6 0*4 II 
00*4 1 2 
00*4 13 
00*4 1*4 
00*4 I S 
00*4 I 7 
00*42 1 
00*1:2 3 
00*425 

aQ*»2<> 

00*427 
00*430 
00*43 I 
00*4 32 

00H3*4 
00*435 
00*437 
001*437 
00*4*40 
00*4*41 
0044*4 2 
;00:*4*4 3 
OOMHS 
00*4*47 
00H5I 
00*452 
00M53 
00HS<4 
00*455 
00*456 
00*457 
00*46 I 
0 0*462 
00*465 
00*470 
00*47 I 
00*473 


I99* CaLU T6HVtC46MTiNEiNVEt,5UNVEC|Tl).VEC| 

200* CaEL BPCCI I rATTECI .SUWVECrPa i — 

20 I • C 

202* c--— -S ave sun pointing vector in body coordinates----—— 

203* C 

20<4# DOi vl»l ,3 

20S« spsol I 4-PBI 11 

206» r 19 continue . 

207« Call YiVPTCH12,YA4VSUN.PTCSUN,P8I 

2D8« ITYPE = I 

209» lOEF * 1 

210* call TARVECl6MT,NEi«VELiC0EVECfTDVECl 

2l|« Call BPCRt 1 ,attec i ,coevec,pb» ^ 

2 1'2« C ■ 

213. ! c----«SaVE EaRTh pointing vector in body coordinates for laTer use 

2 1 *4* ■!' C ' ' ■ ' 

2I5» 00l3J**l .3 

2l6» H0N04 J)«Pb( J) 

217* 13 CONTINUE 

2l3« CaLu YHPTCH(2,YAWC0E|PTCC0E,PB4 

219. Call ACP ( 1 .2 . 2 ,*4 I 1 1 3 |3 , I MUNUM « IHUNUMiOMT iGMT t ATTEC I , TOVEC » 

220» • oNO I 0 . 0 I 0 • 0 tO» 0 I YR ATE * ZR ATE i AHATE » AJTLV * YOFF I ZOFF , AOFF 1 


221 • 


ZLVLM * ZQFF'HTO 



* 

222* 


YLVLH • YUFF*RTD 




223* 


XlVLH » XOFF*RTD 




22<i* 


IFULVLH *LT. -0.054 

ZLVLN 

■ 360.0 

* zlvlh 

2 2S» 


IrlYLVLH .LT. -0.054 

YLVUH 

■ 360.0 

♦ VUVL44 

22b» 


IFIXLVLH .LT. -0.05> 

XLVLH 

■ 360.0 

♦XLVLH 

2270 


1 F 4 1 hold ,NE. 1 ) 00 

TO 260 



228* 


Call zlVdotit.xlvlh. 

YLVLH , 

zlvlh:,xrate,yrate,zratei 

2 29* 


XrATE ■ XRATE* t bLCpHR7RlD) 


i 

2 3q. 


YrATE ■ YRATE.iSECPHR/'RTOI 


- - .. : 

231* 


ZRATE • ZRATE*1SECPHR/RTD) 



23 2* 

260 

Continue 




2 33* 


irllNUNUH .EQ. D) 1MUNUM»| 



2 3R. 


h*3 




23&. 


IF4 lASTP.EQ. 1 1 H*2 




236» 


call ACP( 1 .2. 2,8. 3,3 

,H, IHUNUM, IHUNUHiGHT ,&mt,atteci ,tuvec 

237* 


• 0 NO, 0. 0 ,0. 0, 0. 0, YRATE,2RaTE,XHATE, 

atti ,Y0FF,Z0FF ,X0FF| 

238* 


ZlHU * 20FF*RTD 



' . 

239* 


YiHU • YOFF*RTD 




2 80* ' 


Xl41U » X0FF*RTD 




281* '! 


1 F 4 2 1 N U . L T . - 0 . 0 5 1 

ZIMU ■ 

360.0 * 

Z I MO 

2*42* 


iFlYlHU .LT.-0.05> 

YINU - 

360.0 -4 

YIHU 

28 3* 


IFIXIMU .LT. -0.Q5) 

XI MU ■ 

360.G ■4’ 

X IMU 

288* 


yaatah » yawtar.rtd 




28 &. 


PTCTAR • PTCTAR'RTD 




286* 


Ya4*SUN ■ YAASUN.RTO 




28 7 • 


PtCSUN ■ PTCSUN*RTd 


. 

- 

288* 


YAWCOE ■ YAWCDE*RTD 




289* 


PTCCOE ■ PTCCOE-RTD 




25 0 * 


IF4SCL0N ,GT. 180.01 

SCLON 

■ SCLON 

- 360.0 

25 1 * 


numcom ■ 1 




2 52« 


Do 280 l-ZiH 



- - : : 

2 53* ‘ 


00 280 U> 1 ,3 




25 8 * 


U ■11-11*3 ♦ J 




255* 


IFINEVENTUJI .NE. NBLANKJ 

numcom ■ 

1 

256* 

280 

CONT INUE 





• NEAI 
«NEA 

• NE* 

• HEM 

• NLN 
*HE«r 


• NEM 

• NEM 
•NE44 

• NEA 

• NEW 

• NEM 


OS 

S?4 

ci h?. 


9 
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00976 

257* 


00977 

258* 


005 0 1 

259* 


00502 

26o* 

j 

00509 

26|* 


00509 

262. 

C 

00509 

263. 

C 

OD509 

26r » 

c 

005 0 5 

28S» 


00505 

266* 

c 

00505 

26 7 • 

c 

,0 05 05 

268* 

c 

005 0 6 

269* 


:00506 

270* 

c 

(J05Q7 

27 1* 


00512 

272* 


005 1 2 

273* 

c 

qdS 1 3 i 

27 m* 


0OSl3 : 

27S* 

c 

005 1 9 

276* 


009 15 

2 7 7 * 


OOBiS 

27 8* 

c 

CO-5 I 6 

27 9* 


00520 

280* 


00523 

2B| * 


00523 

282* 

c 

00529 

2B3* 


Q0529 

209* 

c 

00525 

205* 


00527 

20 6* 


005 30 

287. 


005 3 1 

26 8* 


00 5 3 1 

2 89* 

c 

OOS3l 

29q* 

C 

005 3 2 

2 9 1 * 


00532 

292* 

c 

00533 

293* 


0053 3 

29m* 

c 

00539 

295* 


OOS39 

29i. 

c 

0O53S 

297* 


00535 

2 9 8* 

c 

00536 

299* 


00536 

300* 

c 


CALC TRAJCl (GMT, P,V, JERK) 

IF I JERR .GT. 0) STOP ; ’ 

RH AG • VECMG ( R ) 

ir ( (TAPE .EQ. Ql GO TO 208 

RECfLG ■ 1 ,q . . 

RECFLG- LAST RECORD (N F IlLE FLAG* IF LESS THAN 0*0 THIS IMPLIES 

LAST 8f.C0RDi: IN F ILE 

phTflg- flag indicating type of print point 

CaLL GMTCaL ( GMT , NbaSYH .year .GMQNTH , GUA Y , GHR , GH I N , G5EC } 

Subroutine gmtcal aill compute Greenwich mean time in tear, 

HqNTH, day, HOUR, minutes, aNO SECONDS FROM THE BEGINNING OF THE 
BaSE yeah INflASYfU, 

GeT - TIME IN HOURS FROM LAUNCH ' '' 

Do 281 U« I ,3 

RkH I J I »R(JI»637B,li 

RkM ^ VEHICLE radius VECTOR tlECll IN t<M 
VKMtJ) •: V(J| • (637,8,16 f 3600,0 I 

VtCM VEHICLE VELOCITY VECTOR lECI.) IN KM^'SEC 
RSUNOHIJI » OBLE(HSUn( J l I •6378.16000 
HsUNKM(Jj ■ SNGL ( RSUNDP U ) ) 

RSUNKM - SUN; vector |N KM (EcH 
281 CONTINUE 

DO 2B5 I»l ,3 

RkHOPII) » OBLE IRKMin I 

' RkMdP - VEHICLE RADIUS VECTOR (DOUBLE PRECISION | 

! VKM0P( I I = DOLE (VKH( III 
VkHDP - vehicle velocity vector (DOUBLE PRECISIONI 
285 CONTINUE 

XiHuDP - dole (XlMul / 57,2907795.00 
YIMuOP =• DBLE (YIMU) t 57,295779500 
ZIMUOP « DOLE; (ZIMUl / 57,295779500 

Y I Hupp , Z I MUDP , XI MUpP'- PITCH, YAW, And ROLL QIMBAL ANGLES (RAD|ANSI 
WITH RESPECT TO INPUT HEFSMMAT 
RMAGKM » VECMG |RKM> 

rmagkm - vehicle geocentric radius (KMI 
Call unvec (R(ch,rkmui 

rxmu - vehicle unit radius vector lEcn 
DeCGCN • AS IN (RKMU ( 3 II 

OECGCN -, VEHICLE GEOCENTRIC OECHNATIPN IRADIANSJ 
RaSgCN ■ ATAN2 (RKMU(2| ,«KMU( I ) >' 

HaSgCN - VEHICLE GEOCENTRIC RIGHT ASCENSION (RAOIANSJ 
VHAGKM i VECMG(VKM) 

VMAGKM - VEHICLE INERTIAL VELOCITY VECTOR MAGNITUDE (KH/SECI 


qoS37 

00537 

005RO 

OOSHO 

00591 
005M I 

00592 
00592 
00592 
0QS92 
Q0S92 
00592 
005 9 2 
0059 3 - 


ym % 

302*' 

C 

VaLTKH 

- vehicle altitude above oblate Earth (KMI 

303* 


VEMGDL 

■ GOLAT / RtO 

30 9* 

C 

V E H G PL 

,• VEHICLE Geodetic latitude (Radiansi 

305* 


: VEHLON: 

« SCLON t RTD 

3 06« 

C 

VEHLON 

- VEHICLE ,LON,Gl.TUOE (RADIANS! 

307* 


CaLLFPAZ (GMt,SAM1,PS1I,VELKEL,GAmREL,PS|REL,GRAS 

3 08* 

C 

GaMI - 

INERTIAL FLIGHT PATH ANGLE (KADIANSI 

309* 

c 

PSI 1 <• 

INERTIAL AZIMUTH (RAoianSI 

310* 

c 

velrel 

•• relative velocity vector Magnitude (km/seci 

3 11* 

c 

GaMrel 

- relative flight path angle (RADIANS) 

3 12* 

c 

PsiREL 

- relative azimuth (radians) 

3 1 3* • 

C 

GRAS ^ 

RIGHT ascension OF GREENWICH (RADIANS) 

3,,19* 


AKM » A 

•(1,0/3280,833) 
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^ 7 ^ 






% 


00SM3 3J5* 

005H3 316* 

005 S'* 317« 

P05*<^ 318» 

00 5 MS 319* 

005H5 320* 

005H6 32 ! • 

005<4<> 322« 

00596 323* 

00596 329* 

00596 325« 

00596 326* 

00597 327* 

00550 32a* 

00551 329* 

00552 330* 

005 59 33 I • 

00559 332* 

p0559 333* 

0055i 339* 

00556 335* 

Q0S56 336* 

00556 337* 

00556 338* 

00557 339* 

00557 390* 

00557 391* 

00560 '3'<2* 

00560 393* 

OC560 399* 

00561 395* 

00561 396* 

00561 397* 

00562 398* 

00562 349* 

00563 3Sd* 

00 5 6 3 3 5 I • 

00569 352* 

p0569 353* 

00565 359* 

00565 355* 

p0565 356* 

00565 357* 

00565 358* 

P0565 359 • 

00566 360* 

00566 363 • 

00566 362* 

Q0566 363* 

00566 36 9». 

Q0566 365* 

pp566 366* i 

00566 367* : 

007 I 3 368* 

Q07J3 369* 

OOn** 370* 

0Q7I 6 37 1 * 

00717 372* 


C AkH » SEHIHAJOR *X|S (KM) 

C E — ECCENTRICITY 

RaOjNC ■ OINC / RTD 

C RADIHC - INCLINATION TO ORBITAL PLANE |RAO|ANS| 

AsLnR ■ ASCNUD / RTD ‘ 

C AsCnH - RIGHT ASCEnS}ON OF ASCENDlNtt NODE (RADIANSJ 

ARGPR « ARGPER / RTD 

C ARGpR - ARGUMENT OF PERIGEE < RAD IANS) 

C 7 RUE AN - true anomaly (RAO I ANSI 

C PERIOD - orbital PERIOD (SECONOSI 

C SHADOW « 1,0 VEHICLE IN DIRECT SUNLIGHT 

C ; *-1.0 VEHICLE IN DARKNESS 

^ shadow ■ 1,0 ^ 

Call unvec (rsun,rsunu> 

CqSanG ■ : dot ( rkmu ,rsunu I 

If I absicosangi ,ae»i.oi cosang • sign (i,o,cosangi 

IF ( ACOStCOSANGI ,GE. ('lBO,0 - AS | N ( I • 0/ R M A G M I SHaOOW ■ -l,Q 
C ATTECI - direction COSINEIS of TKE..A|Y, and 2 BODY AXES mITH 

C RESPECT TO THE ECl COORDINATE SYSTEM 

Call ACP I l ,2 ,2 ,9 iS .3 ,3 , ImUnuM , imunuh ,GMT ,GHT , aTTEC i ,tovec , 

• 0H6 »0 , 0 ,0,0 f D,C *0.0 ,0*0 »0« 0 , ATTSR I aLSR ,BT SR I GmSR I 

c ALSR - PITCH FROM SOLAR REFERENCE SYSTEM (2YX EULER| 

C BtSR - YAW FROM SOLAR reference SYSTEM (ZYX EUlERI 

C GmSR -hROLL from solar reference system (2YX EULERI 

YLVLHR ■ YLVLH / RTD 

C YLVLHR - VEHICLE PITCH ANGLE FROM LOCAL VERTICAL IN RAqIANS, 

C (ZYX EULERI Y A W-P I T C H SEOUE N C £ 

ZLVLHR » ZLVLH V RTD 

C ZlVLHR - VEHICLE YAW ANGLE FROM LOCAL VERTICAL IN RADIANS, 

C (ZYX EULERI YAW-PJTCH SEQUENCE 

XlVLHR « XLVLM /RTD 

C XLVLHR - VEHICLE ROLL ANGLE FROM LOCAL VERTICAL IN HADIANS, 

C (ZYX EULERI YAf(-PlTCH SEQUENCE 

PtSuNR ■ PTCSUN / RTD 

C PTSUNR - LOOK angle THETA FROM VEHICLE TO SUN (YAW'PITCH SEQUENCE|. 

YwSUNH • TAWSUN / RTD 

C YwSUNR •, LOOK ANGLE PHI FROM VEHICLE TO SON ' ( Y AW-P I T CH SEQUENCE! 

PTCdEN » PTCCOE / RTD 

C PTCoER - LOOK angle THETA FROM VEHICLE TO CENTER OF EARTH, 

YwCOER ■ YAWCOE / RTD 

C YWCOER - LOOiK ANGLE PHI FROM VEHICLE TO CENTER OF EARTH, 

C; SPARE - matrix FOR SPARE WORDS TO BE RESERVED FOR FUTURE USE 

C': 

C The attitude tape records are written below^ 

c : ~ ■ 

White iitapei recflg,prtflg,year,gmonth,6day, 

*GhR ,GH I N ,GSEC iGET , ( RKMOP ( I I .. I »I ,3 1 , ( VKMOP ( i I , I • I , 3 I , IDV ( I I , 1 * I ,31, 

• V I MUDP ,Z I MUOP , XI MUOP ,RMAOl<iA',DECGCN ,R ASGCN , VM AGKM,GAM I ,PSI I , 

• vALTKM, VEHGDL, VEHLON,VELiI^L,GAHREi,PSlR£L,GHAS,RE-V .aKm.E.RADINC, 

• aSCNR, ARGPR, TRUE AN, period, DYNPR,D'RaGK&,HFTKG,WGTKG,THHKG, I SP SEC, 
•EGRAVCtSHAD0ii,(ATTECI(l,Ul,J»l,3),(ATTECl(2,JI,J*l,3l, 

• iATTECl(3,JI.J»I.3l ,YLVLhR,ZLVLHR,XLVLHR,AL5R,BTSR,GMSR,PTSUNH, 

• VWSUNR (PTCOER .Y'WCoER , (flSUNKMI I I , I »I ,3 I , ( SPAR£( II , I» I , 1 9) 

288 CoNT I NUE 

C , , , , 

IF ( jPCARD ,EQ. II 60 TO 29Q 
NIjMCOM • I 
290 CONTINUE 
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00720 
00722 
0O72« 
0072H 
6072*1 
0072*1 
6d72*1 
0072*1 
00/21 

0072 1 
007 21 
007 25 
00726 
007 26 
007 26 
00726 
00726 
00726 
00 7 26 
00726 
00726 
007 2 6 
007 26 
00726 
007 26 
00 7 27 
007 3 1 
00732 
00 73 3 
00731 
007 35 
0Q736 
007 37 

00710 
00 7 m 

00712 

00713 

007 11 
Q071S 

00716 

00717 

00750 

00751 
007 5 2 
0O75H 
00756 
007 60 
007 61 
00 7 62 
00763 
00 765 
00 767 
0077 1 
0077 2 
00773 
00775 
6o776 
00777 


373* 
37h» 
375* 
37fc* 
377* 
37a* 
379* 
380* 
38J* 
3 82* 

383* 

38h* 

385* 

3Bfe* 

307* 

38 8 • 
389* 
3?0* 

39 1» 
3V2« 

393* 

3 9 8* 
395* 
'3?<,* 
39 7* 
398* 
' 399* 
’ 100 * 
1 0 I * 
102 * 
103* 
108 * 
105* 
106 * 
107 • 
808 * 
8 09* 

1 I 0* 
111* 
i 8 12* 

813 * 
111* 
8 15 * 
116* 
1 J 7 * 
118* 
119 * 
120* 
12 I* 
12 2* 
123 * 
8 28 * 
82$* 
126* 
12 7 * 
120* 
12 9 * 

13o* 


IfllNUHUiN ♦ NUMCOk) .iEt HAXUNI GO TO 300 

6 rTTE U »950l — 

950 fOlMAT ( 1 HI , 83X, • SHUTTLE ATTITUDE aNp POINTING TIME LINE*// 

* 9QXi'L00K angles look angles look angles*/! 

* 3 IX, ‘VEHICLE POSITION LVLH AT T > T U OE • , 7 X , • Ecl A T T 1 TUOE • , 6 X , 

* »T0 5UN',6Xi*'fO EaKTH* | 8 X I *T0 T AR GET * / 5 X » * GE T * 1 

’ * 25xi*aLT‘,3X,*LaT’i*1X.*L0N*,1Xi'YaW PITCH ROLL YAW PITCH » 

* *HOLL TAW pitch ' tA«, PITCH TaRG Taw PITCH*/ 

* lX.’HftS MN SECS' *7Xi 'EVENT* ,9X I 'N MI DEG * . IX , • OEG. DEG DEG* 

* 3 X,*DEG deg deg 0 £G OEG DEG DEG DEG ID*» 

* 3 X 1 'DEG OEG* / 1 
NuHL ! N » 7 

300 Continue , 

c The attitude' and pointing table is written below, _ 

c ' ■■ ■ , 

c 

C.,---CoHPUTe ANGLE THETa aETWEEN STAR TRa'CKER POINTING VECTORS FOR 

c Star trackers i, 2 .:Iand 3 

c ArD SUN AND EARTH pointing VECTORS, CHECK FOR EACH THETA 

c LESS Than alpha*3o degrees for sun, and theta less 

c^ than Earth alpha ♦ 20 deg, for earth, and output 

c any violation encountered according to special code 
c If event vs not platform alinement, then COHPUTATIONS 
c Are not necessary, and logic is skipped-- — 

C , . 

iFluEVENtUI .NE.INaME) GO TO 3179 

Call unvec i st i 2 .smagii 
Call unvec(sT3,smag2| 

Call UiiVEG (S0S0 .SMaG3» : 

Call unvec ihomo.shagi > 

DoTP l*DOTT SMAGl .SHAG3 I 
OoTP2,:OOTISHAG2,SMAG3| 

DaTP3«0DT l SHAG 1 , 5MAG1 I 
OoTpl^OOT ( 5hAG2 ,5 MaG1 I 
AtHET t «ACOS 1 DOTP I ) 

ATHETi»ATHETi*RTD 
ATHET2a ACOS 1 D0TP2 I 
ATHET2 pATHET2*RTD ! 

AtHET 3»AC0S I D0TP3 t 
AtHET3*ATHET3*RTD 
AtHETIpACOS i D otpi I 
ATHET1«ATHET1*RT0 
12“ IQ 

IfEATULTI .LT.SALPHa,AND,AJMET1,ET»EaLPhA| go to 23 
If I ATHET 1 .LT , SALPHa ) IZ*1A 
1F( ATHCT1,LT.EALPHa) I2»IB 
GO TO 21 
23 U*IH 

Go TO 28 

21 If«ATHET3,LT,EALPHa,AND,ATHET2,LT,5ALPHAI GO TO 25 

lFl aTHET3,LT*EALPHaI IZ»1C 

lFlArMET2.LT,SALPHA> IZ-IO 

Go TO 26 

25 lZ*|G _ . 

26 If* ATHET3.LT,£ALPHa,AND.ATHET1*LT.EALPHA» go to 27 
Go TO 20 

27 U*lE 

28 Continue 


*N£W 

*NEW 

• NEW 

• NEW 

• NEW 

• NEW 
*NEW 

• NEW 

• NEW 
*nEv< 

• NEW 

• NEW 

• NEW 

• NEW 

• N t ,1i 

• NEW 

• new 

• NEW 

• NEW 

• N E W 

• NEW 

• NEW 

• NEW 

• NEW- 

• NErt 

• NEW 

• NEW 

• NEW 

• NEW 

• NEW 

• NEW 

• NEW 

•NEW 

• NEW 

• new 

• NEW 

• NEW 

• NEW 

• NEW 

•new 

• new 

• NEW 

• NEW 
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O O 

eg 

^ O 


OQO 

43 !• 

001 

432 • 

002 

433* 

003 i 

434* 

q05 ; 

435» 

007 

436* 

0 1 1 

43? • 

0 1 3 

43B* 

015 

4 3 f • 

012 

44 0» 

02 1 

44 1 » 

023 

442« 

025 ■ 

44 3* 

02 5 

44h* 

025 

44s* 

025 

446 • 

025 

447* 

0 25 

4 4 3 • 

025 

4 49* 

0S5 

45o^ 

055 

45 i » 

056 

452* 

056 

45 3 • 

056 

454* 

11 1 

4 5 5* 

1 1 1 

456* 

1 12 

457 • 

113 

45 H* 

1(4 

4 59* 

1 16 

46q* 

1 20 

46 1 • 

122 

46 2* 

124 

463* 

t 26 

4 6 4 • 

13 0 

4 65* 

i 3 2 

4 6 6* 

134 

mat- 

134 

ha a • 

134 

469* 

163 

h7Q* 

163 

47 1* 

163 

472« 

2 15 

473* 

2 1 6 

47 4* 

220 

475* 

223 

476* 

224 

9 7 7 • 

231 

4 7 tj' • 

232 

479 • 

232 

48 0» 

23 4 

40 1 • 

235 

492* 

235 

4iG3« 

2 35 

4 84 * 

236 

MBS* 

236 

48 6*- 

236 

407* 

236 

40B* 


GO TO 

3|7V IZ-IQ 

9|68 Continue - 

ir IJPCARD •EQ. Ol-fiO TO 305 
tr UOStZLVLH) tLT«0.0H95» ZLVtH-»0 
, H(ABS(YLViLH).LT.0.0H9iil YlV;LH-*0 
if ( AbSIXLVUHl .Lt. 0.04951 XLVLH».0 
irl ABSUll-IU) .LT. 0.04951 ZlMU-,,0 
If I ABS( YlMUI .LT.OfOMYSI YjNU«.0 
If UbStXlhUI.LT. 0*0495) XlMU».0 
I r ( ZUVLH. GT .359. 949b I ZLvLH-,0 
lFiZlHU.GT. 359, 9495 ) ZiHU=.0 

IfliPTFLG .E(J. D) AHITEI6,9fco) IHT,IHT,ST,(NEWENTU).J»1,3», 

• aUT 1 GDL AT iSCCON .iLVUH • YLVEH , XLVLH t Z IMU I Y IMUt X 1 MU. YAWSuNj, 

C , ’ 

C..----OUTPUT FONHaTS aRE altered TO ACCEPT SPECIAL 
C STAR TRACKER CONSTRAINT V|OlaTION CODE----— 

C 

• PTCSUN.YAtVCOE.PTeCOE, IZ 

96Q FoRmAI{Ia,I 3.1X ,1 2,lXiF4.t.lXi3lA6),2UA.F5.J).IA»P^*lt 

• 2 I I X » 3 U X ,F5 . I ) ) , Zt I X I 2 1 1 X .F5» 1 ) ) > I X » A I ) 

IftlPTFLG ,N£, 0) <yRITE(/>,97o» I HT , 1 MT , ST , I NEVENT ( J ) . J» 1 , 3 » , 

• aLT.6DLAT.5CL0N.ZlVlH.YLVLh,XLVLH,ZIHU.Y|HU,X1MU,YA*SUN, 

• PTCsUN.YArtCOE.PTCCoE, IZiNAMtAR.YA.YTAR.FTCTAR 

97 0 FoRHATIl X. 13, IX , 12, I X ,F4. 1 , IX, 31 A6 ) ,211 X.F5, n , IX ,F6, I , 

•2 1 lX,3(lX,F5.l))i2tllX,2(lX»F5il)),JX.Al,lX,A3,2(iX ,F5* I ) I 
GO TO 306 

305 CONTINUE 

If UBSULVLHI.LT. 0.0495) 2LVLH-.0 
If lAbS( YLVLHI.lt. 0.0495) Yl,VLH«.0 
If UOSULVLH).LT, 0.0495) XLVLH*.0 
If UbSUlMUI.LT. 0.0495) Z|Hu«.0 

If (A0 S[YImU).LT.Q.O 495) YIMU«,Q 
|fUBS(XlMU),LT.0.0495) X 1MU-.0 
tflZLVLH.GT. 359. 949b) ZLVLH-.O 
If (ZJMU.GT.359.9M95) ZJMU«.0 

If (JPTfLG .EO. 0) ViRlTE (6,960) I H T , I MT , ST , NC A«0 i NC ARl) , NC ARl) , 

• ALT , GDLAT , SCLON, ZLVLH , YLVLH , xLVLH , Z I HU . Y I MU , X | MU , Y AdlSUN , 

• PTCSUN.YauCOE.PTCCOE, U 

If (IPTFLG ,NE. 0) (VRITE (6,970) I H T , I MT , S T , NC aRO • NC aRO , NC ARD , 

• alt , GOL AT .SCLON , ZL VLH , YLVLH , xLVLH. Z 1 HU, Y ) HU ,X I MU , Y ArtSUN , 

• PTCbUNiY AACOE ,PTCCoE, 1 ZiNaMTAR.YAHT AR.PTCTAR 

306 CUNT INUE 

IflNUMCUH .E(J, I) GO TO 350 
DO 320 J«2, NUMCOH 
I J » ( J- I ) *3 

WR I TE ( 6 , 900 ) NEVENT ( IJ* I I , NEvENT ) I J*2 > , NEVENT ( 1 J*3 I 

900 Format ( i 3 x , 3 i aa ) i 
320 continue 

c 

350 continue 

GeTaRT • IHR ♦ MN/60.0 ♦ SEC5X3600.0 
C THE descriptor TAPE IS WRITTEN BELOW. 

C 

IfUUART ,GT, Oi: WR1 TE(TU,vRT) GET WR T , ATTS YS , I MUNUM , I VMS , 

• aNG I ,iANG2 , ANG3 , I HOLD , XIRA TE , yRATE ,ZRATE,lPTfLG,ALlGN,lNSTIO, 

• l ANUi , 1ANG2, ITYPEi , IDEf 1 ,VaRI .VAR 2, VAR3 , ITARGl , VAR4 , IDIN2, 

A |AnG)2, IANG22, ]TYpE2, IDEF2,VAR12.VaR22*VAR32, i T ARG? , V aK 42 , 


• NEW 

• NEW 

• NEW 

• NEW 
•NEW 

• NEW 

• NEW 

• NEW 

• NEW 

• NEW 

• NEW 


• NEW 

• NEW 

• NEW 

• NEW 

• NEW 

• i 

• NEW 

• •«l 

• NEW 

• •-I 
•NEW 

• •-I 

•NEW 

• NE'h 

• NEW 

• NEW 

• NEW 

• NEW 

• NEW 
•NEW 


• NEW 

• •- I 

• NEW 

• •% I 
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o o 

Trj ^ 
t— I 

o « 
§ ^ 


0123* 

189* 


• INEVENTI J1 |3*1 ,12) .NAMTAR 

01236 

190* 

C 


01307 

19 V* 


NUMlIN ■ MUMLIN ♦ NUMCOM 

01310 

19 2* 


IF V6MT1NT ,GT, l♦E-1) 00 TO 100 

0 1312 

193* 


If (IBLANK ,NE, ll CALL CRDflLU) 

6 1 3 1 H 

19h* 


1 blank ■ 0 

01315 

19&» 


' IF) lERR ,LQ, 0) GO TO 100 

013 17 

196* 


IFllUART ,GT, 0) EnOFJLE JUrtRT 

0132 1 

197* 


STOP 

01322 

49Q* 


100 CONTINUE : 

01323 

19v» 


GmT*GMT*GMTINT/6D,000 

0132*1 

500* 


IF (JPCARD ,EQ, 01 60 TO R50 

0 1 326 

50 1 • 


CAUL CROFIL) 1 1 

0 1 327 

502* 


If )ATTSY5 .NE. IJBLANK » call CR0FIl(3I ■' 

01327 

503 • 

C 

THE CALL TO GETDES OBTAINS THE NEXT EVENT SEJ 

0 1 327 

SOI* 

c 


01331 

505* 


Call getdesiiuread.istopi 

01331 

50^* 

c 


01332 

507* 


IF llTAPC ,GT. 0 ,AN0, IErH ,LT. 0) RECFLO • - J,0 

01331 

500* 


IFIRLCFLG .LT. 0*IWR1TEUTAPEI RECFlG iPRTFLG , year»ghonth,gday , 

01 331 

5 09* 


*GhR,GM IN ,8SEC ,GET . IRKMOP )l),I-l,31,tVNMDP(l).t»l,3»,lDviI|,!*l,3) 

0 1331 

5 1 Q« 


* VlMUDP,2 1HUOP,XIMUDP,R(lAGKH,OECGCN,RA5GCN,VMAGKtl,6AH| ,PSI 1 , 

01331 

51 1* 


• VALTKHs VEHGDL , VEHlON , V E L REL , G AMR EL , PS I H £ L , GR AS i RE V , A K H ,E , H A D 1 NC i 

0 1331 

5 12* 


• A5cNR,A«UpH,TKUeAN,PERl0D»0yNPK,DRAGKG,U|FTKG,irVGTK5,THRKG, ISPSEC 

013 31 

513* 


* EGRAVC.SHADOVt, 1 aTT.EC I )l , J»l ,31 , ( ATTE:Cli(2, J| , J* 1 ,31 , 

01331 

5 1 1 * 


* 1 ATTEC 1 1 3 I U) « J = 1 » 3 1 , YU VUhR ,2lVLHR I XLVLHR »'AlSR ,BT5R ,GMSR ,pt sunr , 

01331 

5 15* 


• yipTSUNR .PTCUER ,YAC0ER, ( RSUNKHI 1 » , I - V , 3 1 1 1 SPARE ( 1 1 , 1*1 , 1 1 1 

01162 

516* 


IF (RECFLG ,LT, Q.ltNDFlLE ITAPE 

01161 

5 17* 


IF (1 ERR .ME. 0 ( STOP 

0 1166 

5 18* 


Call crof il ) n 

01167 

5 19* 


jpCaRd » n , 

0117 0 

520* 


TnLXT - IHR ♦ HN/60 ♦ SECS/'3600 

0117 1 

521* 


ghtnxt • TNEXT ♦ bastih 

0117 2 

52 2* 


ISO CQNT INUE 

01173 

523* 


IF 1 IGMTnXT-GHTI .LE, l.E-5 » CALL CROFIDU 

01175 

521* 


If I iGtlTflXT-GHn .LE, l,E'-5 1 60 TO 120 

01177 

525* 


AITSYS * NOLANK 

01500 

526* 


ALIGN - 0 

015 0 1 

5 27* 


IF ( lERR ,EQ, 0) GO TO 150 

01503 

528* 


STOP 

01 5Ql 

529* , 


eno • 
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^ O 


ss 

B§ 


ENti) OF COUP luAT lONJ 
SaPT SYHUOLIC 

sapt code relocatable 


OIA&NOSTICS. 


27 

.JUN 

71 

15S33:3B 

0 

02621S12 

11 

121 

27 

JUN 

71 

is: 33 ; 38 

1 

01716122 

81 

1 





0 

01716216 

11 

157 



APPENDIX C: RESULTS OF STAR TPJ\C!<ER CONSTRAINT VIOLATION 
ANALYSIS FOR SORTIE OPTION 2 OF BRM 2 WITH 
PLATFORM ALINEMENTS PERFORMED IN THE INERTIAL 
HOLD MODE AT THE INERTIAL ATTITUDE OUST PRIOR 
TO THE ALINEMENT * 


Included are printouts for Alpha (a) + 20° for earth pointing constraint 
violations, printed after each event; and angles Theta (0) for Star Tracker 
1 and 2 and the Sun, Star Tracker 3 and the Sun, Star Trackers 1 and 2 and 
the Earth, and Star Tracker 3 and the Earth, printed in a line of four num- 
bers prior to each platform alinement. 


ORIGINAL PAGE 
OP POOR QUALITY 



PRELIMINARY BRM MISSION 2 - OPTION 2 
SHUTTLE ATTITUDE AND POINTING TIME LINE • 

WITH STAR TRACKER CONSTRAINTS INDICATED-- 
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LOOK ANIjlLS look AmOlES look *hOlES 


WEMlCLf. f’OblTlO|.| LvLH ATTITUub. 


B '} , ‘< 0 1 H I 
bib 0 .0 

- a‘?<b0b7D-'- 

* 3 0 .0 

B9. H;fi93S 

«Q 

B i V 3 b 
6 4 2 4 ': . U 

8 9 < 6 I 7 2 3 - 
?E*9‘lb3‘l 
6*1 30 .0 

B9. 3209b 

6 ‘I 4 b . 0 

89 t 607 40 - 
o b lb .0 

89.93381 

6'j S5 .0 

- 89,337 1 7 - - 
66 2b .0 


... EVEtlT li Hi OLg- 0E6 OfcO OKG ulu uc- 

— 2-33 »6 a, b 9^« 8 — — 9s-»o— • O *0 i-bi* • 9— ' 34 *-9 — l-9» 8- 

HOLiJ AT7 FqH CAP 
bCTlJP Aflp CHUCKOUT 

I 'fUKb 4i^ ,-.230.3 -44,2 --21.4 -• B9.B-. 2b 7 . 9- 3 . 9 1 9 . S 

I -TO R S- 4^1 W — — —.2 35.3— .4-9 » 2- --2-1-.4 ~- .-L-2 3 2.5 259 • 9— -34 * .9 1.9 * 0 

• begin inertial 233.2 -36.5 2 1.6; 9Q.0 - -0 *0 257.3 34*9 *13. S 

HOLD FOR Sleep 

5 begin SEcEp period 235.2-24.0 l22.Z 90. 2 3S 9.7 103-9 257. 3 34.9 Mj.B 

34,8 89.3 JS8.6 Ib9.9 257.3 34- 9 4.1*5 

5 tors 41W 233.1 -6.4 -7.5 90.3 350.2 124.7 257.3 34,9 4j.5 

i n-HS l7lV 233. 1 -6.4 -7.5 J70^ 3b8.2 U4^ 7 \ ^ ^ 

1 !n2.969f,l 27.r47fl4 116.39949 

! platform AlINE 2.12.4 1?.7 4.5 . 69.6 3b0.3 I 47 -9 257*3 j4-9 4j.5 

] MNVR TO LVl" ATT 237.2 b?.D 54.2 .0 '0 IGO'D 33b. 6 346*7 36*0 

FOR NV- 1 C;,l. 


FOR NV- I CaL 


89 , 4.Q0 37 
67 0 • .0 


FOR NV-l OpS 


- 69.32314 ” 
67 50 .0 

89.b2J63 
69 10 .0 

89 .36457 
69 3b .0 

8 9 .343 17 
7 1 4 b .0 


FOR Nil “2 EaRIH Ops 


89 , 39b30 
72 4b .0 


FOR NV-l A fill 
L Xi«7 / 5-0 P S.„.: 

5FGIN inert lAE 


EC I 

att n udf 

TO sDh 

TO 

Earth 

To target 

Y A w 

PITCH 

ROLL 

YAV» PITCH 

Y A »« pitch 

taRg 7aa pitch 

OEG 

OEO 

deo 

OEG oEO 

DEG oEG 

10 DEG OEG 






• n - 2 7 0 • n 



‘ / • *?-**" 

25?tV 

-34*-9 

34,9 

■1-9 • B 
1 9 • S 

3b6«& 

26V 

• 9 38.0 


_2 57 • 9_ 

_.,3 4 , ,9_ 

..IV.O— 

.-356,5 - 345*5 — 

269 

» 9. 30.0 

- ■ 

257.3 

34*9 

43,5 

3.2 345,7 


.0 270*0 


257.3 

34.9 

4 j,5 

3.3 345.8 

89 

•7 13.9 







- -- •' 

. .. 

- - * 


257.3 

34.9 

H3.5 

3.5 346.0 

Ub 

.9 6 9,9 

P 0 








257.3 

34,9 

4J.5 

3.5 346*1 

87 

. 8 3 4,7 


257.3 

34*9 

43.5 

3.5 346.1 

87 

.-a 34.7 

8 S 







jO . 

25 7.3 

34.9 

4 j , 5 

3.5 346.1 

86.7 57.9 

SS ■ 

3 3 S • 6 

346*7 

36*0 

,:66.7 346*5 


•0 90*0 




, 

.... - - V- 





91.7 

54*0 

103,6 

258.3 6*9 


.0 90*0 


228.9 

3 07,8 

111, ' 

af-3.4 JbB'O 


• 0 vo.u 


350.8 

8*6 

35,3 

263*1 348.9 


,0 90*0 


143.6 

27,3 

1 3 V . 9 

266.6 1 3,0 


•0 90*0 










332.3 

343,2 

3&.7 

270.4 346,6 


,0 90.0 

• 

28b. i 

3q9,0 

65*2 

280.7 352,2 


,0 90*0 






. , , - . 



-- ■ ■ ■ ■ ■■ 

359,4 

20* 7 

3/. 7 

260*9 3bU«3 


.0 90.0 


157 . 1 

. 9 . b 

1 44.6 

.270.9 i3,l 


.0 90.0 



235.4 38,9 15.7 --.0 .0 iBp.O - 9.6 32*2 42*5 


259.3 352,5 ,0 90*0 













APPENDIX! 
Page 2 of 

HOUO 




, 








:':a7'.'bD0'n:— ": — " 

73 30 .0 IlNVK tO I.VLH ATT 

232.8 

-20.1 -J5a.4 

^.0 

• 0 

1 00*0 

214.9 

3 1 1 » 7 

1 20 • 7 

282.8 2.5 

*0 

9o*0 

rOR NV- 1 0|>S AND ■ ■ 
[;0-7/H Ol'S 












B7.H26f!0 









257.2 3b7.6 


90.0 

7 4 ZS .n ISttjlN INtNTlAL 

234.6 

lB.7 10*8 

-.0 

.0 

1 U{1»0 

37.1 

49*2 

6 1 . 1 

*0 

" ltOt.Q 












d'J . 3203:’ 

237.0 

-49.4 141.4 



l.OQ.O 

17 6.6 

34 1 .5 

142.9 

277 .5 i 0*8 

•0 

90.0 

7^ 0 .0 nfJVfR TO LVLH ATT 

.0' 


FOR NV-1 OpS 












09.3/355 

75 32 iO TORS 41* 

235.9 

43.1 -132.0 

I 79.9 

6^ • 3 

3 5 9* 9 

j 7 6 ■ 6 

34 1.5 

142*9 

2 7 7.5 1 11. 6 

100*0 

326.3 

BV , 37355 ■■■" ■ 

75 32 .0 TORS I71W 

235.9 

4 3 ; 1 - 1 3 2 • 0 

179.9 

56.3 

359.9 

{ 7 6*6 

34 1.5 

142*9 

277.5 l0«6 

100*0 

32*»3 

09 , 30029 - 












74.40402 19.71246 141.91470 

76,0*74 1 










75:38 ,0 platform AlInE 

2 37.7 

53.9 -102. 1 

179.9 

33i 1 

-.0 

1 7 6 . 6 

341.5 

142*9 

277.5 10*6 

1 00*0 

303.1 0 

B9.39A77 









250.9' 353*4 - 

.... - .....Q 


75 5 3 ‘ , O Ti lot N TNeRt I aL 

"23 5V3 

■ 33 , 1 * *5 • 6 


• 0 

1 UQ • CT" 

lot 1 




HOLD ; 












09.52421 

70 23 .0 MNVR TO LVlH ATT 

232.3 

- 1.0 142.7 

-.0 

-.0 

10Q.O 

249.0 

304*9 

92*8 

ZB2 • 7 3 • & 

• 0 

90.0 

FOR NV- 1 Ops 



' ' "" 









09,31220 






-26Tfi4- 

- 34*9 ■ 




270.0 

7 0 5 0 - -. O ' M N V R - TO ’ " [ N £ R l Ta L 

2 3 7 i 4 

S3, 4 - -T 12.2 

9tr.D 

• 0 

• 0 

1 6 7 • 6 



HOLD ATT for sleep 












09,39900 















to 


-g: 







shuttle ATTlTUOe AND. f’OiNTiNG TIME L«Nfc 


LOOK aNuLES 

vehicle HOSlTlOw LvLH ATTITUDE EC > aTTJTUDE TO sOfj 

«IT LAt LoN YAw pitch KuLL Yaw pitch hOLL YAW P|TCH 
HRS HN secs LVk Ht N H i DEf, - • DE®i UEr, - OE(, UtO DLL - -OCC OCO OEb lEL 


LOOK anlles 
T o EAHTH 
Yaw PITCH 
DEL DEC 
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LOOK angles 
TO 1AHGLT 

TaHg Taw pitch 
ID ueg dec 









^. 3 4^ V- 

A- 

9 . 6 - 

, , 9 - 

--9o *0 

308*6 - - 

-f-tf—. Q , Q- 

a 9 , b ft M ‘1 1 
B7 0 .0 

END SLEEf pEHlOU 

230.6 -19.6 -i56.9 

90.3 

1.2 

99.6 

252*9 

3 -9 . 9 

16 7 .6 

9.3 

j 2.0 

9i .2 

9.6 

a9.b09‘t 1 
(ib o'? .0 

TONS 9HY 

232.6 “32.5 -iGS'l 

9 1,0 

1,2 

117*9 

25 2*9 

39*9 

16 7*6 

9.2 

12*0 

91.3 

27,9 

a y . b Cl 9 H i 

— ac-^3-9 -... . 0 -- 

.T-DH S-l-7 l-v.. 

232 .6 . -32^ 5 -« 1 66 —I--. — 

5L1-.0— 

-U 2 - 

117*9- 

-252,9- 

-39*9 

- 167*6 

. -.-9.2- 

. i 2*0 

91.3 

27.9 

BV.y 1 21 3 
7 3. Dill 17 
66 9 S .0 

I03.776C0 39.37002 122.56078 
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APPENDIX 0: RESULTS OF STAR TR^\CKER CONSTRAIUT VIOLATIONS 
ANALYSIS FOR PRELIHINARY BASELINE REFERENCE 
MISSION 1 USING PLATFOPi'l ALINEMENTS IN THE 
INERTIAL HOLD MODE AT AN INITIAL LVLH ATTITUDE 
OF 0, 0, 0 * 


Included are printouts of Alpha (a) + 20® for Earth pointing constraint 
violations, printed after each event; and Angles iheta (0) for Star Trackers 
1 and 2 and the Sun, Star Tracker 3 and the Sun, Star Trackers 1 and 2 and 
the Earth, and Star Tracker 3 and the Earth, printed in a set of four num- 
bers prior to each Platform Alinernent. 
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330.1 

56.5 

*0 

770*0 


93.75559 
1790 .0 

initiate LOS AtT 

1S7.5 

-?7.? - 

1 32.9 

.0 

*'J 

.0 

2 3 7 ,1 

10.^ 

797,3 

194.1 

9. 3 

• 0 

270.0 


93,73099 
7 7 0 .0 

BEGIN SLEEP PERIOD 

157.0 

29.3 - 

197*5 

177.8 

391.3 

100.0 

737.1 

1C*; 

79 7.3 

196.9 

9.0 

* 1 

71*3 


93.30793 
35 0 -0 

ENo sleep period 

151.5 

- 1 5 • 9 - 

152*5 

9.3 

310.1 

354,0 

237 . 1 

in*; 

797.3 

1 96 . 6 

5 . 0 

355.6 

3 17*1 


93.30495 
3459 .0 

TORS 9 1 4 

15 1.5 

-27.9 

-7P *n 

.0 

- *0 

.0 

703.7 

397 *; 

793.3 

709.7 

3|5. 1 

• 0 

770*0 


93 , 30495 
3459 .0 

TORS 1 7 1 'V 

151.5 

-27.9 

- 7 0 * C 

.0 

- * 0 

.0 

733*7 

39 ?.; 

7 9 3.3 

709.2 

1 1 5. 1 

*0 

770*0 


93.3431 1 
1 5 3 . 4 3 1 3 1 
37 0 .0 

44.01779 1 04 . nOOOO 

PLATFORM aline 150.5 

9C.OC.30ri 
- 1 7 . a 

-54 * 9 

.0 

-.0 

.0 

300*7 

3 39 , > 

7B9 ,0 

731.7 

796,9 

* 0 

270*0 


93.31007 
90 59 .0 

tors 9 I 4 

15 1.3 

-7 1 • 4 

100*0 

.0 

-*0 

• 0 

707* 1 

39 1 . , 

797*4 

7 11.3 

31 7. 1 

• 0 

77q.O 

1 

93,31007 
9959 .0 

tors 1714 

IS 1 . 3 

- 7 I *4 

100*0 

.0 

- *n 

.0 

707*1 

39| . , 

797*6 

7 11*3 

31 T. 1 

• 0 

270*0 


93,37779 
15 1 .20333 
9 9 0 .0 

43.63490 ler.ooor*' 

PL A TE ORM AL I NE 1 S ' . 7 

90,00000 
- 1 1 . 0 

12 1*9 

.0 

-.0 

.0 

304 • 0 

3 3 3 , Q 

703*0 

737.2 

290.0 

* 0 

770.0 


93.79770 
,5 1 0 • 0 

begin sleep PErIOO 

IS?. 7 

79.2 - 

150*9 

179.0 

40*7 

100.1 

306 * 0 

333 . c 

703*0 

232.2 

796.9 

1 00* 1 

29*0 


93,70759 

59 0 .0 

ENO Sleep perioo 

157. C 

-|7.2 - 

156*0 

I7B.9 

300* . 

107.9 

304 * 0 

333. p 

703*0 

732.1 

799.2 

350 . 6 

iQ* 9 


9 3 , 3 3094 
4059 . 0 

TORS 914 

ISI . 1 

-20*9 

-07*0 

-*0 

*0 

.0 

700*5 

39Q. y 

79 1.9 

213*7 

ll9. 1 

* 0 

777.0 


93.33094 

60 59 .0 

TORS I 7 I 4 

I5| . 1 

-70.9 

-02*0 

-*0 

*0 

.0 

700*5 

39f1. p 

791.9 

713.7 

31 9. 1 

• 0 

770.0 


« 3 . 39 I 9 I 
mfl . 7A I 07 
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LOOK angles 
TO T*N<*fT 
T a 96 7*9 P I Tf M 

Id de& ofo 


3 I I • a S9 t 7 
|0<«*A 32S>S 


3S2.X "0‘fl 

|90.3 398*3 

B 

|7S*9 30e<| 
|9.9 3S| .9 

B 


350.9 37.7 

Jot.** 3S2.0 


41.79009 iBn.OOOOO 


9J.00000 


*1 0 tO 

**U*TF0RM *l InE 

199.9 

-10*8 

93 . JH 1 69 
17 5«4 .0 

T 0 » 5 9 1 r.' 

ISO. 9 

- 70 .11 

9 3 . 3h 1 69 
72 S9 .Q 

TORS 1 7 1 >» 

ISO. 9 

“70 .'1 

93, 40S9S 




196.3089? 

58.83163 I8p,00pn0 

9C , no 100 

7 3 0 «C 

platform ALlFft 

199.7 

-9.8 

93 . 296S 3 
7S 0 • 0 

BEGIN SLEEP period 

IS2.6 

78.8 - 

93.2S729 

6 3 0 • 0 

END 5LEFP PERloP 

IS2.S 

■ 1 ♦ *n * 

93. 3S256 
99 59 .0 

TORS 9 I * 

ISO* 7 


93. 3S7S6 
89^9 . r) 

TORS 1 7 ri 

ISO. 7 

- 1 9 . 3 

93 , 9 1 «3S 




I 93.8996(1 

56.97236 |0r«OOOOO 

♦C .00009 

0 .0 

TLATrORM AlINE 

199,9 

-8.7 

93, 36 303 
96 &9 ,Q 

TORS 9 1 6 

iso.s 

- 1 8. 1 

♦3.36301 

9659 . 0 

T t< R 5 17 16 

IS0.5 

- 1 8 . 3 

93 . 9 3058 




I 9 1 . 3 7??6 

59. (11178 l8<3. OOOOo 

9i; . oooG'i 

97 0 .0 

PLATFORM AlInE 

199.7 

-7.6 

93.29099 

9 0 0 , C 

BEGIN SLEEP period 

157.8 

“20.1 

♦3.93926 
106 0 .0 

end sleep period 

199.0 

.6.8 

♦3.37311 
10859 .r 

TORS 9 1 * 

150.3 

-1 7.9 

93.37311 
106 59 .0 

TORS 1716 

150. 1 

-1 7.9 

9 3.997 1 1 




1 30.8933ft 

5 1 . 6M7 8 2 1 6(5 , OOOOO 

♦ 0 . CC oco 

109 0 .0 

PLATFORM AlImE 

199,2 

- 6 • s 

’3.18776 
12059 .0 

tors 9 I 6 

150.1 

“16.9 

♦3.38776 
17059 . 0 

tors 1 7 I 6 

ISO, 1 

- 16,9 

♦3.95789 




136.91019 

99.21693 |8n.!30POO 

♦c.ODoon 

121 0 >0 

PLATFORM aline 

1 98 . 8 

-5.9 

♦3.21700 
1 72 0 -C 

BEGIN SLMP PERIOD 

153.7 

“7 1 . 8 

9 3 .9605 1 




130 0 .3 

ENn SLEEP PERIOD 

198.6 

-9.6 

♦3.39197 
132 59 .(3 

TORS 9 1 «: 

199.9 

- 1 S . 9 

♦3.39197 




13259 .Q 

tors I 7 I 6 

199.9 

-(5.9 


»3 • 1A?B9 


60 • 8 

.0 

0 

• 

1 

.0 

305. S 

333.3 

781.9 

9S.9 

.0 

• i3 

.0 

?79.0 

3 J 9 *.. 

79 ! . 1 

9S . 9 

. 13 

*0 

.0 

779.0 

339 .^ 

791.1 


117.0 

.0 

- .0 

-.0 

309 . 2 

332. ft 

7 80.8 

159.3 

179.9 

60 . 1 

180.2 

309 . 2 

33?. p 

7 8 0.8 

160*9 

I 79. 1 

30n. 8 

1 82 . 2 

309.2 

332 . i, 

780.8 

-Ft6 * 1 

“.0 

-.0 

.0 

27 7.5 

338,7 

290. 3 

-86*1 

“.0 

“•0 

.0 

2 7 7.5 

338. 7 

?9C. 3 

-65. 2 

“.0 

.0 

-.0 

303.0 

3 32.4. 

779.6 

9 1*9 

.0 

.0 

.0 

776 .1 

3 3 0.; 

789,9 

9 1*9 

.0 

.0 

.0 

776 .1 

3 J 8 . p 

789.9 

112*6 

.0 

- .0 

- .0 

301.8 

3 3?.; 

778,9 

-28.9 

1 80 ,U 

300. I 

leC.2 

301.8 

337. , 

778.9 

“29. 1 

. 3 

359.3 

1 . 3 

301.8 

332 . , 

778.9 

-9C* 1 

.0 

. n 

.0 

779.7 

33^.? 

788. S 

-♦0*1 

.0 

* 0 

.u 

779.7 

337.7 

708.5 

-6^*6 

“ .0 

- .0 

-.0 

300.7 

3 3 1.7 

7 7 7.2 

8 7.8 

- .0 

.0 

“.0 

773.3 

336 . 

■•87.6 

87 . H 

“ . 0 

• 0 

“.0 

773.3 

3 1 6 . s 

78 7.6 

I 0« * 2 

.u 

- .c 

.0 

799.5 

3 3 1 . ^ 

775.9 

-32*7 

I 80.0 

300. 1 

18 0.1 

799.5 

3 3 1 . 1, 

7 75 . 9 

-?fl *5 

.2 

3S9.3 

1 . 3 

799.5 

331 ,s 

775.9 

-99.2 

.0 

• 0 

.0 

772.0 

33S.ft 

786.6 

-99*2 

.0 

*0 

.0 

272.0 

335. ft 

786.6 
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733.1 

301.2 

.0 

2Xo*0 

B 
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7 1 S. 1 

371.2 

.0 

270.0 


181*6 

310*7 

7 15.1 

371.2 

• 0 

270.0 


22*’ 

390*2 

733.9 

303.7 

. 0 

2 7n • 0 

B 



733.9 

3o3.8 

1 "0. 1 

29.9 




233.8 

>09 * 1 

350.7 

30 * 8 




716.9 

373.2 

.0 

2 70*0 


9.5 

39*9 

216,9 

323.2 

• 0 

270*0 


709*2 

355 * 7 

7 3 9.6 

306 . 2 

.0 

270*0 

8 



7 18.6 

325.3 

• 0 

770.0 


107*1 

313*5 

7 18.6 

325.3 

. 0 

77o*0 


75*5 

399. s 

7 35.3 

30" • 6 

• 0 

270*0 

8 



735.3 

308.7 

359.9 

30. 1 




2 35.7 

309.0 

6 1 .0 

2>l .5 




2?C. 7 

3?7 . 9 

>0 

770.0 


9.6 

3o * 9 

270.2 

377.9 

.0 

270.0 


206*7 

359*6 

7 35 . 8 

3 1 1 . 1 

.0 

27Q.0 

8 



721.7 

3?9 . 6 

.0 

270*0 


I’l *9 

3 16*9 

271.7 

329 . 6 

• 0 

270*0 


27*8 

3«*0* 7 

736.3 

3 1 3 . 6 

.0 

270.0 

8 



736 .3 

3 I 3.6 

359,9 

30* 1 




236.2 

3l 3.9 

62.5 

2'l *5 




773 .1 

331.8 

.0 

270.0 


1 9.0 

27*2 

77 3.1 

331.8 

. 0 

270.0 


208*7 

3*6 


